ABSTRACT Low-dispersion optical imaging spectroscopy has been performed of the starburst galaxy II Zw 40, employing the area spectroscopy system at the Anglo-Australian Telescope. A procedure was applied to correct for the effects of atmospheric differential refraction arising from the large zenith distance of the observations. 
INTRODUCTION
The dwarf galaxy II Zw 40 is a high surface brightness object belonging to the class of blue compact galaxies recognized by Sargent & Searle (1970) . This very blue galaxy, like others in its class, was shown to be metal-poor by Searle & Sargent (1972) . Despite its low Galactic latitude {b= -10?8, /= 203?4), the object has been studied extensively at several wavelengths. Many optical, infrared and radio features indicate that a powerful starburst is taking place in II Zw 40. Baldwin, Spinrad & Terlevich (1982) carried out an emission-line optical study of the morphology and kinematics of II Zw 40. They considered that the two tails protruding from the bright core of the compact galaxy were reminiscent of interacting galaxies, and suggested a possible collision between two small systems as the source of the present starburst. A study of the element abundances in II Zw 40 was presented by Pagel et al. (1992) . The bright optical core is situated inside a large optical H i envelope ( ~ 1 arcmin in diameter), but there is no optical correspondence with the larger H i halo (Gottesman & Weliachew 1972; Jaffe, Perola & Tarrenghi 1978) ; the optical core appears to be offset by 35 arcsec from the peak of the H i distribution. More recent VLA 21-cm observations by Brinks & Klein (1986) show that the H i distribution is very clumpy, and that the clumps tend to avoid the main optical emission. Sramek & Weedman (1986) and Wynn-Williams & Becklin (1986) have published radio continuum observations of II Zw 40. J. R. Walsh and J.-R. Roy The bulk of radio emission between 2 and 20 cm could be mostly of synchrotron, rather than of free-free, origin (Wynn-Williams & Becklin 1986 ). This may be related to the galaxy interaction taking place in II Zw 40.
Infrared observations are particularly revealing of the activity in II Zw 40. Wynn-Williams & Becklin (1986) also conducted ground-based 2.2-pm (K band) and 10-pm observations which they combined with the data points obtained with IRAS, to reconstruct the infrared spectrum of II Zw 40. The galaxy has a large infrared-to-blue luminosity ratio, and most of the 10-pm emission is concentrated in a small region 4 arcsec in diameter. These features led WynnWilliams & Becklin to suggest that II Zw 40 may contain a compact active nucleus. They derived an ionization rate of 2xl0 52 photon s" 1 (D = 1.5 Mpc) from the dereddened Bry Une flux. There is also a large infrared 'excess' compared to what is expected from the conversion of ultraviolet radiation to infrared emission due to re-emission of starlight absorbed by dust. More recently, Joy & Lester (1988) published near-infrared line and /, H, K and L photometry of the object. They explored in detail the various physical processes responsible for the near-infrared and radio emission and, as suspected by Wynn-Williams & Becklin (1986) , they found that evolved stars, which dominate the near-infrared emission from normal galaxies, contribute no more than 25 per cent of the total 2.2-(im flux in the bright core. Joy & Lester concluded that the infrared and radio continuum emission in the central 200 pc of II Zw 40 is predominantly due to luminous young stars and associated H n regions. They calculated that the stellar mass ratio between O-, Band A-type stars and evolved stars, M OB JM cvohed ~ 0.1, which is an exceptionally large ratio compared to the more typical value of 10" 4 generally found in normal galaxies (Thronson & Greenhouse 1988) .
In this paper, we present optical long-slit spectroscopic mapping of the bright core of II Zw 40. We confirm the presence of a relatively high dust content in the galaxy, and examine the behaviour of various element abundances in this starburst galaxy.
OBSERVATIONS
The bright emission-line region of II Zw 40 was mapped using the 3.9-m Anglo-Australian Telescope (AAT ) with the RGO spectrograph and the Image Photon Counting System (IPCS) as detector. The aspect software package, which coordinates positioning of the telescope with data-taking (Clark et al. 1984; Wallace 1985) , was employed, and the observational method closely follows that used for NGC 5253 (Walsh & Roy 1989) . The map consisted of 12 slit positions, each separated by 1.6 arcsec, oriented in position angle 303° and centred on RA 05 h 53 m 05?8, Dec. + 03° 22'52" (B 1950.0) . The sht orientation was chosen to cover the bright core and faint extensions to the south-east (see the photographs in Baldwin et al. 1982) . For sky subtraction an offset sht position was defined well away from the galaxy (130 arcsec E, 155 arcsec S of the core). The observing procedure was similar to that for NGC 5253 (Walsh & Roy 1989 ) and consisted of a 30-s integration at each of the 12 positions over II Zw 40 followed by a 30-s integration on the offset sky position. The autoguider was enabled at the end of each sequence of 13 integrations and the telescope tracking updated on a nearby star to minimize any drifts between sets of scans. The observations were performed on 1988 January 15 and consisted of a total of 33 scans (total exposure time per slit position 990 s). The data were divided into three runs: the first ( 13 scans) covering the meridian passage of IIZw40; the second (10 scans) to hour angle 2 h 10 m ; and the third (10 scans) concluded at hour angle 3 h 25 m . Each run was written to tape to allow correction for atmospheric extinction and differential refraction (see below) at a similar range of airmass. The seeing was about 2 arcsec for the first run but had degraded to ~ 3.5 arcsec by the end of the last run.
The RGO spectrograph, in blaze-to-collimator configuration, was used with a low-dispersion grating (250 Unes mm"
x ) blazed in first order at 4300 Â giving a dispersion of 156 À mm -1 . The software window of the IPCS and aspect over which data were collected was 1600 pixel in the dispersion direction (3380-7080 À) and 53 pixel along the slit, a length of 122 arcsec (2.3 arcsec pixel" 1 ). The slit width was 1.6 arcsec, giving a measured spectral resolution of ~7 Á. The mapped area was thus 122x17.6 arcsec 2 (53 x 12 pixel) and each pixel was 2.3 x 1.6 arcsec 2 . The projected pixel size for a distance of 7.5 Mpc is 84x58 pc 2 . Some of the emission Unes over the bright core cause a saturation of the IPCS (count rates > 1 count pixel" 1 s~ ^ so one of the scans (the third) was performed with a neutral density filter of ND 0.7. In this latter scan, only the [O m] 5007-À line was saturated in a few pixels, so the line intensity information was taken from the 4959-Â line in these pixels. For the purposes of calibrating the wavelength-dependent sensitivity of the atmosphere, telescope, spectrograph and detector, a broad-slit observation of the Oke (1974) spectrophotometric standard star L870-2 was obtained before the observations of II Zw 40. At the end of the night another spectrophotometric standard L745-46A was also observed for comparison, but the exposure was terminated by cloud and so the data were not used.
REDUCTIONS
The data for II Zw 40 differ in one important respect from those for NGC 5253 (Walsh & Roy 1989) . Given the declination of II Zw 40, its zenith distance at the A AT is always greater than 34°. At zenith distances greater than 40°, the effect of differential atmospheric refraction between the wavelengths of the [On] 3727-À and [S n] 6716 + 6731-Â lines produces positional shifts of ~ 1 arcsec, which is an appreciable fraction of the pixel size. This effect needs to be explicitly considered, otherwise significant distortions will be introduced into line ratio maps. In the reduction of the data for II Zw 40, the effects of differential refraction have been removed following the procedure of Walsh & Roy (1990) .
The spectra of the galaxy, offset sky position and spectrophotometric standard were all rebinned into equal wavelength intervals using exposures to a Cu-Ar comparison lamp. The 12 long-slit spectra over the galaxy from each run were assembled into cubes having two spatial dimensions (along and perpendicular to the slit) and one spectral dimension. These cubes (dimensions 12x53x1600 pixel) can then be sliced in wavelength to produce near-monochromatic images. Given the map orientation and the mean zenith distance, the predicted shift of each monochromatic map in the data cube can be computed and corrected. The local atmospheric parameters were used to compute the atmospheric refraction as a function of wavelength (see Walsh & Roy 1990 for details of the procedure). Each image was shifted by the appropriate amount, rebinned to some standard grid and inserted into a new cube. The differential shifts were computed relative to the 'standard' image at H/3. The 'standard' image is assumed to be unaffected by differential refraction -this is only the case if the guiding is done at this wavelength. The wavelength of the autoguider passband was broad-band centred around 5000 Â so that any effects of refraction between this positioning and that at 4861 À will only be appreciable at many airmasses. Each of the cubes for the three runs was individually corrected for atmospheric extinction using the mean airmass of each observation period. The long-slit spectrum of the offset sky position for each run was co-added along the slit and subtracted from the corresponding long-slit spectra of the galaxy. From the sky spectrum summed along the slit, the vignetting along the slit was determined and used to rectify the galaxy data. The third run was corrected for the effect of the neutral density filter, and all three runs were flux-calibrated by the sensitivity curve generated from the spectrum of the standard star. The fluxed cubes for the first two runs were co-added in proportion to their exposure time.
Images of the object at different wavelengths can be produced by slicing the cube across the wavelength direction, as shown in Fig. 1 . On the basis of a blue-band image (a slice of the cube from 3500 to 5400 À is shown in Fig. la) and an H/Tline image, it was decided to fit the spectra at all pixels in the range X= 2-11 and Y = 14-42 (where Y is the direction along the slit and X is the scan direction). The effect of the correction for atmospheric refraction is to throw Abundances in the starburst galaxy IIZw 40 29 flux out of the map or bring unknown flux in from outside the mapped area, depending on the wavelength. Thus the spectra at the edges of the map are distorted by these effects and could not be used for analysis. Some small amount of data was lost, but the highest signal-to-noise ratio data are confined to the centre of the mapped area. The emission-line spectra in 150 spatial pixels were interactively fitted by Gaussians with a linear interpolation between the flux from both sides of the line for the flux under the line. The Une wavelength, identification, emission-hne flux, equivalent width and errors (arising from photon statistics, the residuals on the fit and the rms on the local continuum fit over the extent of the line) were recorded. As for NGC 5253, the H/? line flux was corrected for the underlying stellar H ß absorption by multiplying the fluxes by the ratio [EW{Hß) + 2.0]/ EW{Hß) following McCall, Rybski & Shields (1985) and . The emission-line data for each spatial pixel were then assembled into maps of line fluxes, errors and equivalent widths. The emission lines in pixels affected by saturation (count rates exceeding 1 pixel" 1 s~1) were determined by examining the data cubes for the first and second runs. In 18 pixels the [O m] 5007-Â flux was substituted by 2.91 times the 4959-Â flux (using the transition probability data compiled by Mendoza 1983) on account of saturation of the 5007-Ä line. Where lines that are not in fixed ratio to another line were affected by saturation, the data cube for the third run was analysed in the same manner. Although the absolute fluxes are not in particularly good agreement, unsaturated lines could always be used to provide a common base between the two spectra. In 11 pixels the H a line flux was substituted by the value from the third run, and in 10 pixels the 4959-Â line flux was amended by the values for the corresponding unsaturated data. In four pixels the H/3 line flux was also corrected. For all the corrected line fluxes, the equivalent widths and errors were all modified accordingly.
An extinction map was formed by dividing the H a map by the H/? map and comparing with the case B value for an electron temperature of 13000 K and an electron density of 80 cm -3 . The former figure was taken from the determination of French (1980) and Lequeux et al. (1979) and the latter from the [S n] ratio for all pixels co-added. The Galactic extinction law tabulated by Seaton (1979) , as given in the analytical expression of Howarth (1983) , was employed with ^ = 3.1. The Hy line was too weak or detected in too few pixels to be useful for extinction determination. The extinction map was then used to correct the emission-line flux maps for reddening. Line ratio maps were made following the ratios set out in table 2 of Walsh & Roy (1989) . The summed flux cube from the first two runs was sliced to produce two broad-band continuum maps centred at wavelengths 3635 and 5400 À of 160-À width and referred to as u and v respectively (cf. Walsh & Roy 1989) .
RESULTS

Maps
On account of its low Galactic latitude, II Zw 40 suffers from large extinction. The Galactic portion of the foreground extinction has been estimated by Jaffe et al. (1978) to be Ay =1.2 mag. A map of total (Galactic+ extragalactie) A v derived from the Ha/H/1 ratio is presented in Fig. 2 The slopes of the plots are respectively 4.7 ± 1.0 and 5.9 ± 1.2, to be compared with the equivalent values for NGC 5253 of 2.710.5 and 6.610.7. As for the case of NGC 5253, this behaviour is attributed to the wellobserved (Galactic) phenomenon that young hot stars, which produce the highest excitation gas, are born in regions associated with dust. 6 ) pixel map and its error. Abundance maps of Ne/H, N/H and He/H were formed in exactly the same way as for NGC 5253 (Walsh & Roy 1989) , employing the same ionization correction factors. Mathis & Rosa (1991) have shown that these simple correction procedures are adequate for N and Ne abundance determination. Fig. 7(b) shows the N/H map and its error. There are three pixels to the west of the central region which display an elevated N/H value relative to the other values; the same three pixels also display enhanced O/H values. These three pixels are within the box indicated on Figs 7(a) and (b). The Ne/H map shows fluctuations greater than the errors. For He/H the recent calculations of the He recombination coefficients by Smits ( 1991 ) were employed; the resulting He/H abundances are slightly ( ~ 2 per cent) higher than those derived using the Brocklehurst (1972) recombination coefficients. A correction for the collision excitation of the He i 5876-À line was made following Clegg (1987) , but no attempt was made to correct for the presence of neutral He. A map of N/O was also formed from the ratio N + /0 + . For the N/H and Ne/H maps, the errors take into account the error in T e plus the errors on the Une ratio and the ionization correction factor.
The narrow-band continuum maps were also dereddened using the extinction for the ionized gas. The contribution of the nebular continuum (bound-bound, bound-free and twophoton) was subtracted from both maps assuming a single value of r e of 12000 K and N c of 100 cm -3 for the whole map and the dereddened H/3 flux at each pixel. The range of values of log(w/u) was 0.1 to 0.8, mean 0.45, corresponding to a spectral type of ~B2. The lowest value of log(w/v) corresponds to a B8 star. That some points were overcorrected for reddening is clear from the fact that an 05V star has log(w/u) equal to 0.64. It is concluded that the extinction to the ionized gas is generally similar to that for the stars, although there may be regions of blue stars with less extinction than to the ionized gas. A similar extinction to stars and gas was also found for NGC 5253, and confirms both as regions of close association of gas, dust and recently formed ionizing stars. However, the spectral type of the stars in II Zw 40 is appreciably earlier than for NGC 5253, indicating a younger starburst or a shorter history of starbursts. No evidence of Wolf-Rayet (WR) stars was found in the spectra in the form of broad He h 4686-Â emission. Kunth & Sargent (1981) presented a spectrum of II Zw 40 showing evidence of a broad 4686-Â line; however, Masegosa, Moles & del Olmo (1991) found no evidence of a broad feature, although the signal-to-noise ratio for their spectrum is lower than for that of Kunth & Sargent. Clearly there is conflicting evidence regarding the presence of WR stars in II Zw 40 and further deep spectra are required to decide this point. The lack of strong broad He n emission is in contrast with the starburst region in NGC 5253, where a cluster of WR stars was found associated with the region of enhanced nitrogen and helium abundances (Campbell, Terlevich & Melnick 1986; Walsh & Roy 1989) .
Integrated regions
The T e and abundance maps cover only the brightest pixels with the highest signal-to-noise line ratios, but emission is detected over a much larger region. Spectroscopic mapping provides the bonus of being able to form true integrated spectra of whole emission-line regions and of selecting regions of interest based on the line ratios, a process not possible with conventional slit or aperture spectroscopy.
Comparison of the true integrated spectrum with that for sampled regions is of considerable interest for determining how sampling affects the derived parameters. An integrated spectrum of II Zw 40 was constructed by co-adding all the pixels over the central region (X-2-9 and Y= 16-24), but neglecting the faint outer extensions to the east, referred to as region 1. The integrated spectrum is shown in Fig. 8(a) and the extent is marked in Fig. 1(b) . The co-added spectrum was analysed in exactly the same manner as were the spectra at individual pixels, and Table 1(a) shows the observed fluxes and line identifications. The fluxes of H/l, [O m] 4959 and 5007 À and Ha were corrected for the effects of saturation of the IPCS by using the line ratios from the cube taken with increased neutral density. The errors for these lines were also modified accordingly. The H/? flux was corrected for 2 Â of absorption line equivalent width, and the Seaton Galactic extinction curve was used to determine the extinction from the Ha/H/1 ratio and to correct the observed spectrum for reddening. The value of c for this region is 1.22 ±0.07, which compares well with the extinction derived by WynnWilliams & Becklin (1986) from the H/Tto-Bry ratio. The reddening-corrected line ratios are listed in Table 1 (a), and in Table 2 the derived physical parameters and abundances for this region are tabulated. It is clear that the electron temperature is lower than the mean for the mapped region (r e =1365011600). This can be understood in terms of the strength of the weak [O m] 4363-Â line. T e can only be measured in the map where the signal-to-noise on the 4363-Â line is high and, since the 4363-Â line is stronger when T e is higher, pixels with higher T e are selectively studied. If integrated-spectrum pixels with strong and weak 4363 Á are summed, and if r e is lower in the weaker regions, the integrated T e value is lower than for the mapped region. An independent check on this is to compare T e from the integrated spectrum of the 24 pixels in the T Q map to the mean value from the map. The integrated spectrum result is 12 500 ± 130 K. This value is heavily influenced by the three brightest pixels, of which two have lower T e . The surface variations in line ratios and physical conditions can account for the various slightly differing spectra of II Zw 40 in the literature, depending on the exact area studied (Lequeux et al. 1979; French 1980; Kinman & Davidson 1981; Kunth & Sargent 1983; Campbell et al. 1986) .
Two other integrated spectra were constructed, one for the group of three pixels which display high N/H and O/H values (referred to as region 2) and the other for the group of two knots to the east of the nucleus (region 3). The latter region is shown in Fig. 1(b) . The signal in the three pixels of region 2 and the 30 pixels of region 3 (2i=5-9 and F =33-38) were co-added, and the resulting spectra analysed as for the integrated spectrum. Tables 1(b) and (c) list the observed and reddening-corrected line ratios for regions 2 and 3 respectively, and Table 2 the derived physical parameters and abundances of region 2. In region 3 Galactic Ha emission was also detected with strength comparable to [N n] 6583 Á. This indicates that there must be slightly enhanced emission in our own Galaxy in the direction towards II Zw 40 in comparison with the offset sky position some 200 arcsec away. The spectrum of region 3 is one that is simple to construct from spectroscopic mapping data but which is conventionally not selected in long-slit studies on account of its low surface brightness (Hß surface brightness 1.7 x 10" 17 erg cm -2 s -1 arcsec -2 ). The Hß equivalent width is low, yet the excitation is still fairly high, although the [O n] line is very strong. The value of R23 is high (12.1 ± 1.0), indicative of low O/H abundance. In analysing the spectrum of region 2, a curious effect was noticed. The emission lines below about 4300 À appear to be too weak. This was exemplified by the Unes which are in fixed ratio to those at longer wavelength (e.g. the Balmer Unes). This effect appeared only in the data from the first run, where the seeing was best. For the second and third runs, the seeing is slightly poorer and no such effect was seen. The effect is considered to be due to the shifting procedure, applied to correct the differential refraction, when there are large changes in line strength from pixel to pixel. The pixel sampling is not adequate for large changes in brightness and at the shorter wavelengths, where the shift is largest, some flux is shifted from the brighter pixels to ones of lower brightness (typical shifts were 0.3 pixels below 4000 À for the data cube from the first run). This effect was corrected by using the data cube from the run taken with neutral density and the case B ratios of the Balmer lines. A single correction to the observed Une fluxes of 1.56 was appUed below 4300 À for other pixel in region 2 also shows a similar enhancement in N/H and O/H but was not found to be affected by the sampling problem.
DISCUSSION
Abundance enhancements in large H n regions
The search for abundance enhancements in large H n complexes is a difficult task (see for example Walsh & Roy 1989) . The astrophysical implications of abundance anomalies are important, because they allow the direct study of the possible sources of chemical enrichment in galaxies. To reveal unusual abundance features, careful mapping of T c is needed in order to map electron temperature fluctuations at a significant level. To test whether our T c map (Fig. 6) represents real variations, we have studied the correlation between Ne/H and O/H. Since neon and oxygen are formed by the same process in the same massive stars, one expects a oneto-one correlation. Fig. 9 shows two correlations: in Fig. 9(a) , we have assumed a constant T e = 12000 K, and no correlation is observed. In Fig. 9(b) , we have derived the abundances of Ne and O by taking into account the temperatures derived at each pixel of Fig. 6 . The presence of a strong correlation (correlation coefficient 0.84) in Fig. 9 (b) may be taken as a confirmation that real fluctuations in T c are being detected across the starburst galaxy. However, the correlation between Ne/H and O/H could be a consequence of errors in the electron temperature determination rather than representing real abundance variations. Because the [O m] 4363-À line is weak, there is a tendency to overestimate the flux of this line in analysis. An overestimate of the flux produces an overestimate of the [O m] electron temperature from the 5007/4363-Ä ratio. In order to investigate the likelihood of such an effect, Monte Carlo simulations on the data were performed whereby some multiple of the error on the electron temperature was added to a constant electron temperature when calculating the Ne/H and O/H abundances. It was found that the observed correlation between Ne/H and O/H could be reproduced only when a factor up to 4 times the T t error was added to a constant r e . This implies an underestimate of the error by a Abundances in the starburst galaxy II Zw 40 37 factor of 4 -too large to be believable. The typical T e error is 1000 K, so at a temperature of 13000 K an error of 4000 K is equivalent to a measurement error of 45 per cent on the (5007 + 4959)/4363-À ratio. Whilst simple photoionization models cannot account for substantial variations in T e , in an inhomogeneous, dusty environment one could envisage given lines of sight sampling rather different ionization conditions, giving rise to observed variations in 7 C and line ratios. The real line-of-sight abundance may be constant but, since the 4363-À line strength provides the temperature of the 0 2+ -emitting regions, it is negligent to disregard this information. If the variations in T c measured are real, then such variations must exist along the line of sight. Peimbert (1967) has considered in detail temperature variations in ionized media and shown that the temperature derived from forbidden line ratios always overestimates the mean density-averaged temperature. From his equation (18), for a maximum observed [O m] temperature of 16 000 K in II Zw 40, and assuming a mean temperature of 12500 K, the value of the t 1 parameter which measures the fluctuations would be 0.13. This is a large value (compare the value of t 2 of 0.055 derived for the Orion nebula by Walter, Dufour & Hester 1992). However, Gruenwald & Viegas (1992) have found that point-to-point variations in line-ofsight integrated emission-hne ratios, even over spherically symmetric model H u regions, occur with values of t 2 for 0 2+ as large as 0.07. It is not surprising, given the size, the large dust content and kinematic evidence for galaxy-galaxy collision in II Zw 40, that higher values of t 2 are observed. In both NGC 5253 and II Zw 40, strong correlations between Ne/H and O/H have been found, although for II Zw 40 the slope is lower (0.79 ± 0.11 in comparison with 0.92 ± 0.07 for NGC 5253). This trend is in agreement with that found by Vigroux, Stasinska & Comte (1987) for a sample of extragalactic H n regions. An extensive analysis of this correlation by Henry (1989) showed it to be a universal relation applying in addition to planetary nebulae. For planetary nebulae the slope of the log Ne/H versus log O/H relation is 1.16, and is 0.98 for H n regions. Henry (1989) concludes that Ne and O are produced in stars in the same narrow mass range ( ~ 20 M 0 ), or, less probably, that the initial mass function (IMF ) in this mass range is independent of galaxy type and location. If either of these conclusions hold, then the constancy of the relation in a single starburst region such as II Zw 40 is not surprising, since both Ne and O must be ejected at the same time.
It is suggested that three pixels on the abundance maps may reveal an actual localized enhancement of oxygen and nitrogen; the area, region 2, which is about 160 x 100 pc 2 in size, is identified on the maps (Fig. 7) and is characterized by significantly lower electron temperature. However, unlike in NGC 5253, where the area of enhanced nitrogen (and helium, but not oxygen) is huge and corresponds to the presence of a cluster of WR stars, the spatial size of the possible abundance enhancement in II Zw 40 is small and no possible source of enrichment is seen in the stellar spectrum. The lower electron temperature of region 2 compared with the surroundings and the enhanced O abundance invite comparison with the abundances for region 4B of Rosa & Mathis (1987) anee in region 2 is similar to that in the surroundings of II Zw 40, whilst it was 40 per cent enhanced in Rosa & Mathis's region 4B. Rosa & Mathis (1987) suggested that the enrichment observed in the small region of 30 Doradus could, with the exception of the lack of N enrichment, be attributed to the pre-supernova ejecta of a massive star. Similar conclusions may apply to region 2 in II Zw 40, although here a group of massive stars would be required to account for the selective enrichment. The differences between the local enrichments in II Zw 40, NGC 5253 and 30 Doradus could be attributed to differences in ages of the starbursts and/or the IMF in these galaxies. (Alloin et al. 1979; Pagel et al. 1979; Edmunds & Pagel 1984; McCall et al. 1985) . The empirical scheme using R23 has been the most widely used. This line ratio increases with increasing T e (decreasing levels of oxygen abundance) up to a point around 12 + log(0/H)~ 8.2, where the effect of diminishing oxygen starts to dominate the strong temperature dependence of collisionally excited Unes such as [O in] . Skillman (1989) Pagel, Edmunds & Smith (1980) , which is shown as the dashed fine in Fig. 10 . The relation proposed by Skillman (1989) falls under that of Pagel et al. (1980) and ours; the reason may be due in large part to the high weight given to the very low metallicity object I Zw 18 by Skillman and also to the exclusion of objects with O/H >10 per cent solar. The abundances for Skillman's objects in the range of 0.90 > log R23> 1.00 are quite similar to the O/H values found in II Zw 40 and in NGC 5253 for an identical domain of R23.
The behaviour of N/O versus O/H
It has been known for some time that, whereas N/O increases with O/H in galaxies of large masses and luminosities, the observed points in dwarf irregulars and blue compact galaxies in the same N/O versus O/H diagram are scattered about a roughly constant mean (Pagel 1985) . However, the trend of N/O versus O/H in NGC 5253, where we derived N and O abundances from T c measurements, showed a puzzling anticorrelation . The same trend is found again in II Zw 40, as shown in Fig. 11 , where the abundance measurements for both galaxies have been combined at the same cut-off in signal-to-noise ratio on O/H of 5. The coefficient of correlation (R= -0.37 for 34 The threshold for signal-to-noise ratio has been set at the same level for both objects (5:1). The unweighted least-squares best-fitting straight line of log(N/0) versus log(0/H) is shown as a bold line, and the same fit with log(N/0) as the dependent variable by a dashed line.
points) is rather weak, but this effect still remains when the II Zw 40 data are added to those for NGC 5253 and does not disappear when higher signal-to-noise data are considered. Either this is a real local enrichment effect or it is some function of the method of determining temperatures and abundances. The pattern observed is an apparent increase of the nitrogen/oxygen ratio when T e is higher. Since no ionization correction factor is explicitly employed to determine O/H and N/O, this cannot be a contributor. The N/O ratio is uncorrelated with excitation (measured by [O iii]/Hß) and shows no trend with extinction. However, if at high T Q (low O/H) a greater proportion of 0 3+ were present, then the O abundance would be measured systematically too low, which could produce an observed increase in N/O. Moreover, since the ionization potential of 0 2+ is 55 eV and that of He + is 54 eV, any substantial proportion of 0 3+ should be accompanied by detectable He n emission. The He n 4686-À line is very weak or absent in all the spectra, so this effect can be discounted at a level greater than a few per cent. Another possible effect is a difference in the temperature structure of the 0 + zone as compared to the 0 ++ zone, since the electron temperature used is that determined from the A remaining possibility that requires to be excluded is the effect of random errors in T c determination giving rise to a correlation between N/O and O/H. The magnitude of such an effect was investigated in a similar way as for the Ne/H versus O/H correlation (Section 5.1) using a random number generator to simulate random errors in the T & determination. If the temperature is constant, no correlation appears between N/O and O/H. However, an anticorrelation is apparent when the measured T Q values are used (Fig. 6 ) or a constant temperature is assumed but random errors in T e cause it to be measured systematically higher than the constant value. The observed slope of log(N/0) versus log(0/H) for IIZw40 is -0.35 ±0.16 when only points with signal-to-noise ratios greater than 5:1 on O/H are included (13 points). An increase of the value of the multiplier on the random T c errors to five could bring the slopes into agreement (within their errors), although the linear correlation coefficient of the simulated data is always much weaker than observed ( -0.55). Only by increasing the multiplier on the random T e error to 12 could the same linear coefficient of correlation be achieved as was found for the observed points.
From these considerations, the implied underestimate of the T e error is even larger than that required to produce the Ne/H versus O/H correlation, making it even less probable. There is a weak correlation between the measured [Om] temperature and the strength of the observed [Om] lines, namely the signal-to-noise ratio of the 4363-Â line. If the N/O versus O/H correlation is a result of T e measurement errors, then we have grossly overestimated the 4363-À line strength when the line is strong relative to the 5007-Ä line (i.e. when T e is higher). Given that the errors have been carefully calculated and propagated and points with large errors excluded, we believe that there should be no bias attached to the points shown in Fig. 11 , and the anticorrelation would appear to be a real effect.
In the absence of any plausible physical reason to explain the observed N/O versus O/H anticorrelation, a real abundance effect may need to be invoked. If some nitrogen is of primary origin, still located close to its source, the unequal mix of primary and secondary nitrogen would give rise to apparent surface N/O inhomogeneities in low-metallicity systems such as those found in NGC 5253 and II Zw 40. Becker & Iben (1979) , Becker (1980) and Renzini & Vbli (1981) have proposed that large amounts of nitrogen are produced following the third dredge-up during the asymptotic giant branch phase of the evolution of intermediatemass stars; this envelope burning processes more efficient at low metallicity. suggested that envelope burning might explain the anticorrelation between N/O versus O/H observed in low-metallicity systems, but spatial abundance variations are improbable for such old stars. Massive stars are also known to produce copious quantities of nitrogen through their Wolf-Rayet stellar wind phase. Although Wolf-Rayet stars were observed in NGC 5253, none was detected in II Zw 40. It is concluded that the peculiar N/O behaviour across the face of compact galaxies is possibly due to some abundance enhancement effect, whose origin cannot be clearly identified at present.
SUMMARY
Imaging spectroscopy of the bright core in the starburst galaxy II Zw 40 has allowed measurement of the interstellar reddening across II Zw 40 and of the electron temperature Abundances in the starburst galaxy II Zw 40 41
and abundances at 24 points in the main H n complex. 
